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(57) ABSTRACT

A powertrain 1s provided with a combustion engine, a front
drive axle, a longitudinal drive shaift, and a rear drive axle,
whereby the combustion engine 1s connected to a front drive
axle, the longitudinal drive shatt, and the rear drive axle,
such that the combustion engine can be 1n drive connection
with the front drive axle, the longitudinal drive shaft, and the
rear drive axle. The rear drive axle 1s provided with a hybnd
drive module that comprises at least one drive unit and a
transier gear set. The transier gear set comprises an input, an
output, and a first connection clutch provided operatively 1n
between the mput and the output, whereby the output of the
transier gear set 1s adapted to be 1n drive connection with the
rear drive axle. The longitudinal drive shaft 1s provided with
a second connection clutch and, the first connection clutch
and the second connection clutch are hydraulically con-
trolled and are connected to a same hydraulic circuat.

9 Claims, 4 Drawing Sheets
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AXLE PROVIDED WITH A HYBRID DRIVE
MODULE

TECHNICAL FIELD

The invention relates to the field of powertrains for
vehicles, and especially a hybrid drive powertrain for a
vehicle, such as a vehicle provided with both an electric
motor and a combustion engine.

BACKGROUND ART

It 1s known, for example from PCT Publication No. WO
2013/077736 Al, to provide a front wheel drive vehicle with
an electric driven rear-axle, to achieve a hybrid vehicle. This
1s a simple and easy way to create a hybrid vehicle, with only
minor adjustments of the vehicle architecture. However, the
driving behaviour of a vehicle provided with an electric
driven rear-axle becomes unpredictable, because 1t 1s front
wheel driven in some situations and rear wheel driven in
others. Hence, there 1s a need for improvements.

SUMMARY OF THE INVENTION

An object of the present invention 1s to suggest a hybnd
powertrain for a vehicle, which powertrain gives a better
predictability of the vehicle behaviour and still 1s easy to
implement. The object 1s achieved by the present invention
according to claim 1. Further advantages are provided by the
present invention as disclosed 1n the dependent claims and
throughout the specification.

According to the present mvention a powertrain with a
combustion engine, a front drive axle, a longitudinal drive
shaft and a rear drive axle, whereby the combustion engine
1s connected to the front drive axle, the longitudinal drive
shaft and the rear drive axle such that the combustion engine
can be 1n drive connection with the front drive axle, the
longitudinal drive shaft and the rear drive axle.

The rear drive axle 1s provided with a hybnd drive
module. The hybrid drive module comprises at least one
drive unit and a transfer gear set, wherein the transfer gear
set comprises an mput and an output and a first connection
clutch provided operatively in between the input and the
output. The input and the output of the transfer gear set 1s
connected with the first connection clutch such that the input
and the output can be engaged and disengaged by setting the
first connection clutch in an engaged or a disengaged
position.

The longitudinal drive shatit i1s further provided with a
second connection clutch and the first and the second
connection clutch are hydraulically controlled and are con-
nected to the same hydraulic circuit.

Due to that both the first and the second connection clutch
are connected to the same hydraulic circuit 1s a less complex
control structure 1s required, since the number of hydraulic
circuits can be reduced. Further, less components and cir-
cuits leads to less packing volume.

With a drive/operative connection 1s defined as two parts
that are in connection with each other, such that a drive
force/torque can be transferred between the two parts, either
directly or indirectly over one or several mntermediate parts.
A drive/operative connection does not have to be permanent,
but can be achieved through engagement of one or several
couplings or clutches between the two parts.

In exemplary embodiment of the powertrain the hybrid
drive module comprises an electric motor and/or a flywheel.
The hybrid drive module can be configured to only comprise
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one drive source or a plurality of drive source. By providing
the hybnid drive module with a plurality of drive sources, the
advantages of the respective drive source can be combined.

In exemplary embodiment of the powertrain the hybnd
drive module comprises an electric motor, a flywheel and a
planetary gear set, wherein the electric motor, the flywheel
and the transier gear set 1s connected over a planetary gear
set and the output of the transier gear set 1s adapted to drive
upon a first mput gear of the drive axle.

In an exemplary embodiment of the powertrain the plan-
ctary gear set comprises a ring gear, a planet carrier with
planet gears and a sun gear. A drive shaft of the electric
motor 1s connected to the ring gear, a drive shait of the
flywheel 1s connected to the sun gear and the mput of the
transfer gear set 1s connected to the planet carrier of the
planetary gear set.

In another exemplary embodiment of the powertrain the
sun gear 1s directly connected to a brake and connected to
the tlywheel over a release clutch. The release clutch 1s
preferably of friction clutch type. By connecting the fly-
wheel to the sun gear over a release clutch it 1s possible to
control the amount of torque transferred to and from the
flywheel from and to the sun gear, thus to control the amount
of energy regenerated by braking, deceleration or like by the
flywheel and the amount of energy provided from the
flywheel.

It 1s understood that the disclosed exemplary embodi-
ments of the powertrain 1s adapted to be provided i a
vehicle, such as car or a truck.

A method for controlling a vehicle provided with a
powertrain comprises a method step of; controlling the first
and the second connection clutch, such that a desired torque
distribution 1s achieved between the front axle and the rear
axle, 1.e. wheels of the vehicle. By a common control of the
first and the second connection clutch, the energy provided
from the hybrid drive module can be optimised and a smooth
power split between the front wheels and the rear wheels can
be achieved even when the amount of power delivered from
the combustion engine and the hybrid drive module 1s
changing.

The powertrain and 1ts implementation in a vehicle pro-
vides mechanical all-wheel drive with assistance by the
hybrid drive module. Since the hybrnid drive module 1s
connected to all wheels of the mechanical all-wheel drive
via the axle, and not just the rear or front wheel pair, when
additional power 1s added for improved performance, when
only the hybrid drive module 1s used for propulsion of the
vehicle or when energy 1s regenerated during e.g. braking all
wheels of the vehicle 1s aflected. This can be compared to
that only one the rear wheel pair would be aflected if a
conventional electrified rear drive unit was used in order
convert a front wheel drive vehicle into a hybrid vehicle. The
present invention makes the driving behaviour of the vehicle
more predictable than 1f just either the front or rear wheel
pair would be affected.

In embodiments of the powertrain comprising a hybnd
drive module provided with an electrical motor, the hybnd
module 1s preferably connected to an electrical battery
configured to store electrical energy generated by the elec-
trical motor and provide stored electrical energy to the
clectrical motor when additional propulsion power 1is
desired. The electric motor may be used for propulsion of the
vehicle, for improving the performance of the vehicle or for
regenerating energy during braking or deceleration of the
vehicle. Stored electrical energy can also be used for pro-
viding other electrical components of the vehicle with
clectrical power.
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By also adding a flywheel the energy regeneration 1n the
hybrid module may be performed even more efliciently. Use
of an electric motor involves that kinetic energy 1s trans-
formed 1nto electrical energy and then transformed back to
kinetic energy when used for propulsion. Such energy
transiformations are associated with numerous energy losses,
¢.g. due to that when an electrical current flows through an
clectrical wire some energy 1s lost as heat. The higher the
amount of regenerated energy 1s the higher will the energy
losses be. The energy losses associated with regenerating
energy by use of a flywheel, by which the kinetic energy 1s
stored as Kkinetic energy and no energy transformation 1s
necessary, are less. Thus, by using a flywheel for energy
regeneration the energy losses can be lowered.

This present invention 1s particularly advantageous for
high performance vehicles since the amounts of power used
for improving the performance or during hybrid propulsion
of the vehicle are larger, thus the energy losses are larger.

Except for providing better vehicle behaviour predictabil-
ity and improved vehicle performance, the exemplary pow-
ertrains presented lowers the CO2 footprint since the energy
of the vehicle can be utilized more efliciently e.g. by using
regeneration.

Packaging 1s generally a problem for vehicles of today.
For hybrid vehicles, where additional components such as
e.g. electric motors are needed, packaging 1s an even bigger
1ssue. According to aspects of the present invention the
hybrid drive module and the axle are arranged 1n a common
housing. By arranging the hybrid drive module and the axle
accordingly the packaging can be further optimized.

By controlling the second connection clutch it 1s possible
to control the torque transierred from the combustion engine
and the front drive axle via the longitudinal drive shaift to the
axle comprising the rear drive axle.

An exemplary desired torque distribution between the
front axle and the rear axle 1s 70% front wheel drive (1.e.
front axle) and 30% rear wheel drive (rear axle) or 50% front
wheel drive and 50% rear wheel drive. It 1s understood that
the two mentioned distribution ratios are purely exemplary.
However, the exemplary torque distribution of 70/30 1s a
preferred when 1t 1s desired that the front wheels accounts
for the largest portion of the propulsion, which e.g. may be
the case at slippery road conditions. An evenly distributed
torque, thus a torque distribution of 50/50, may e.g. be
preferred if higher vehicle performance 1s desired. Normally
the torque distribution between the front and rear axle 1s
continuously adjusted to be adapted to the momentary
prevailing road and driving conditions.

In one exemplary embodiment of the powertrain and its
control method the desired torque distribution 1s dependent
on exemplary ambient conditions. Such exemplary ambient
conditions may be any of, but not limited to; rain, snow, road
surface condition and road surface inclination. By adjusting
the torque distribution according to prevailing ambient con-
ditions the driveability of the vehicle may be improved. E.g.
at slippery road conditions, such as during heavy raining or
humid conditions in combination with ambient temperature
below the freezing point, it may be desirable that the driving
of the vehicle 1s evenly distributed over all four wheels
whereas at dry weather conditions and temperatures above
the freezing point 1t may be desirable that the rear wheels are
driving more than the front wheels for improved perfor-
mance. The adaption of the torque distribution further be
dependent on exemplary vehicle and driver parameters such
as driving mode, tire pressure and acceleration demand.

The present invention also comprises a method for con-
trolling the torque contribution to the rear drive axle from
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the combustion engine over the second connection clutch
dependently on the torque contribution to the rear drive axle
from the hybrid module by controlling the second connec-
tion clutch.

Further advantages and advantageous features of the
invention are disclosed in the following description and 1n
the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows
a more detailed description of embodiments of the invention
cited as examples.

FIG. 1 discloses a schematic view of a vehicle,

FIG. 2 discloses a schematic view of a hybrid dnive
module,

FIG. 3 discloses a schematic view of an axle of the present
invention, and

FIG. 4 discloses a schematic view of a hybrid powertrain.

DETAILED DESCRIPTION

FIG. 1 discloses a schematic view of a vehicle 1 com-
prising a hybrid powertrain 45. The hybrid powertrain 45 1s
provided with an axle 9, comprising a hybrid drive module
10, of the present invention. The axle 9 comprising the
hybrid drive module 10 1s provided at a rear end of the
vehicle 1 and are coupled to a pair of rear wheels 2, 3 such
that the hybrnid drive module 10 may drive the rear wheels
2, 3. The hybrid powertrain 45 further comprises a combus-
tion engine 44 and a transmission 32 provided in a front end
of the vehicle 1. The combustion engine 44 1s coupled, via
the transmaission 52, to a pair of front wheels 48, 49 such that
the combustion engine may drive said front wheels 48, 49.

The drniving behaviour of a hybnid vehicle provided with
a combustion engine driving the front wheels and a hybrid
drive module driving just the rear wheels 1s often unpre-
dictable. Continuous, perfect synchronization between the
front and rear wheels during e.g., hard acceleration, where
additional propulsion power may be provided by the hybrid
drive module, or braking, where the hybrid drive module
may be used for brake regeneration, i1s hard to maintain.
Depending on 1t such vehicle 1s driven by the combustion
engine or the hybrid drive module the vehicle will either be
front or rear wheel driven. Also regeneration, a functionality
that for such a vehicle 1s applied to the rear wheel indepen-
dently of if the vehicle currently 1s front or rear wheel
driven, may aflect the driving behaviour predictability and
the overall driveability.

The hybrid powertrain 45 of the vehicle 1 disclosed 1n
FIG. 1 additionally comprises a longitudinal drive shait 5
connecting the combustion engine 44, via the transmission
52, to the axle 9. The longitudinal drive shaft 5 enables that
torque can be transierred from the combustion engine 44
provided 1n the front end of the vehicle to the axle 9 provided
in the rear end of the vehicle and vice versa wherein the front
and rear wheels 48, 49; 2, 3 can be driven by the combustion
engine 44 and/or the hybrid drive module 10 of the axle 9.
This enables that the front and rear wheels 48, 49; 2, 3 can
be driven synchronous independently of 1f the vehicle cur-
rently mainly 1s driven by the combustion engine 44 or the
hybrid drive module 10, which will improve the predict-
ability of the driving behaviour of the vehicle 1. This will
also 1improve the driveability of the vehicle 1.

FIG. 2 discloses a schematic view of a hybrid dnive
module 10. The hybrid drive module 10 comprises an
clectric motor 20, a planetary gear set 40 and a flywheel 30.
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The planetary gear set comprises a sun gear 43, a ring gear
41, planet gears 47 and planet carriers 42. How the compo-
nents 41, 42, 43, 47 of a planetary gear set 40 meshes with
cach other 1s not part of the mvention per se and 1is
considered to be part of common general knowledge. In the
embodiment shown i FIG. 2 the electric motor 20 1is
coupled to the ring gear 41 by a drive shaft 21 of the electric
motor 20. The flywheel 30 1s coupled to the sun gear 43 by
a drive shait 31 of the flywheel 30. Further, the drive shatt
31 of the flywheel 30 1s provided with a release clutch 32,
wherein the flywheel 30 can be engaged and disengaged
from the sun gear 43. By controlling the release clutch 32 the
rotational power transferred from the tlywheel 30 to the sun
gear 43 can be controlled.

Additionally, the hybrid dnive module 10 comprises a
transier gear set 15. The transfer gear set 15 comprises an
mput 11, an output 13 and a first connection clutch 12. The
input 11 1s coupled to the output 13, wherein the mput 11 1s
provided to mesh with the planet carrier 42 such that
rotational power provided to or from the electric motor 20
and/or the flywheel 30 can be transferred over the transfer
gear set 135 to the output 13. The first connection clutch 12
of the transfer gear set 15 1s provided to control the rota-
tional power transferred from the mnput 11 to the output 13.

The hybrid drive module 10 also comprises a brake 33.
The brake 1s provided in order to be able to improve the
controllability the hybrid drive module 10.

Referring now to FIG. 3, disclosing a schematic view of
an embodiment of an axle 9 according to the present
invention. The axle 9 comprises the hybrid drive module 10,
as previously disclosed in relation to FIG. 2, a first input gear
4, a rear differential gear 16, an output gear 8 and a rear drive
axle 17. The output 13 of the hybrid drive module 10 1s
provided to mesh with the first mnput gear 4. The first input
gear 4 1s rotationally coupled via at least a first pair of bevel
gears or like to the rear differential gear 16. The rear
differential gear 16 1s rotationally coupled to the rear drive
axle 17 via at least a second pair of bevel gears or like to the
output gear 8. The output gear 8 1s rotationally coupled to a
second mput gear 7. The rear drive axle 17 1s provided with
a pair of rear wheels 2, 3, wherein by rotating the rear drive
axle 17 the rear wheels 2, 3 are driven.

Thus, by controlling the first connection clutch 12 the
torque transierred from the electric motor 20 and the tly-
wheel 30 to the rear drive axle 17 can be controlled.

In the embodiment of the present imvention disclosed in
FIG. 3 the hybrid drive module 10 and the axle 9 are
arranged 1n a common housing 19. Arranging the hybnd
drive module 10 and the axle 9 in a common housing 1s
preferred from a packaging perspective.

FI1G. 4 discloses a schematic view of a hybrid powertrain
45 as previously disclosed in relation to FIG. 1, comprising
an axle 9, as previously disclosed in relation to FIG. 3,
wherein the axle 9 1n turn comprises a hybrid drive module
10, as previously disclosed 1n relation to FIG. 2. The
powertrain 45 additionally comprises a second connection
clutch 6, arranged between the second input gear 7 and the
longitudinal drive shaft 5. As previously disclosed, the rear
drive axle 17 1s provided with rear wheels 2, 3 and the front
drive axle 46 1s provided with front wheels 48, 49.

In the opposite end of the longitudinal drive shatt 5, 1.¢.,
the end of the longitudinal drive shait 35 not coupled to the
second connection clutch 6, the longitudinal drive shaft 3 1s
rotationally coupled to a bevel gear 53. The powertrain 46
turther comprises the combustion engine 44 which 1s con-
nected to the transmission 52 transierring the torque gener-
ated by the combustion engine 44. The combustion engine
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44 1s via the transmission 52 rotationally coupled by at least
a pair of bevel gears of the front differential 54 to the front
drive axle 46 and the longitudinal drive shaft 5 1s rotationally
coupled by the bevel gears 33 to the front drive axle 46.

By controlling the second connection clutch 6, by disen-
gaging and engaging the second connection clutch 6, the
torque transierred between the axle 9, comprising the rear
drive axle 17, and the front drive axle 46, coupled to the
combustion engine 44, can be controlled. Thus, by control-
ling the second connection clutch 6 the torque transferred
from the combustion engine 44 to the rear drive axle 17 for
mechanical all-wheel drive can be controlled. When the
flywheel 30 and/or the electric motor 20 of the axle 9 1s used
for propulsion of the vehicle 1, or 1s used to improve the
performance of the vehicle 1, the second connection clutch
6 also controls the torque transierred from the axle 9 to the
front drive axle 46. When the axle 9 1s used for regeneration
during braking or deceleration of the vehicle 1 the second
connection clutch 9 also controls if and to what extent the
front drive axle 46 1s involved in the power regeneration. By
engaging also the front dnive axle 46 during braking or
deceleration of the vehicle 1 more braking power can be
regenerated than 11 only the rear drive axle 17 of the axle 9
1s used.

How a differential comprising bevel gears 1s designed 1s
not part of the imnvention per se and 1s considered to part of
general knowledge. Herein, when referring to a differential
comprising at least a pair of bevel gears also other designs
of differentials, necessarily not comprising a pair of bevel
gears, are considered.

It 1s to be understood that the present invention 1s not
limited to the embodiments described above and illustrated
in the drawings; rather, the skilled person will recognize that
many changes and modifications may be made within the
scope of the appended claims.

What 1s clamed 1s:

1. A powertrain provided with a combustion engine, a
front drive axle, a longitudinal drive shait, and a rear drive
axle, whereby the combustion engine 1s connected to the
front drive axle, the longitudinal drive shatt, and the rear
drive axle, such that the combustion engine can be 1n drive
connection with the front drive axle, the longitudinal drive
shaft, and the rear drive axle, wherein the rear drive axle 1s
provided with a hybnd drive module, comprising:

at least one drive source; and

a transier gear set,

wherein the transfer gear set comprises:

an 1nput;

an output; and

a first connection clutch provided operatively 1n
between the input and the output,

whereby the output of the transier gear set 1s adapted to

be 1n drive connection with the rear drive axle,

wherein the longitudinal drive shait 1s provided with a

second connection clutch,

wherein the first connection clutch and the second con-

nection clutch are hydraulically controlled and are
connected to a same hydraulic circuit, and

wherein said hybrid drive module further comprises an

clectric motor and a flywheel operable as independent
drive sources, each being independent from the com-
bustion engine.

2. The powertrain according to claim 1, wherein the
hybrid drive module further comprises:

a planetary gear set,

wherein the electric motor, the flywheel, and the transfer

gear set are connected over the planetary gear set and
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the output of the transfer gear set 1s adapted to drive
upon a first mput gear of the rear drive axle.

3. The powertrain according to claim 2, wheremn the
planetary gear set comprises:

a ring gear,

a planet carrier; and

a sun gear,

wherein a drive shait of the electric motor 1s connected to

the ring gear, a drive shait of the flywheel 1s connected
to the sun gear, and the transier gear set 1s connected to
the planet carnier of the planetary gear set.

4. The powertrain according to claim 3, wherein the sun
gear 1s directly connected to a brake and connected to the
flywheel over a release clutch.

5. A vehicle provided with the powertrain according to
claim 1.

6. A method for controlling the vehicle according to claim
5, comprising:

5
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controlling the first and the second mput connection
clutch, such that a desired torque distribution 1is
achieved between the front drive axle and the rear drive
axle.
7. The method according to claim 6, wherein the desired
torque distribution 1s one of:
70% 1ront wheel drive and 30% rear wheel drive, or
50% 1ront wheel drive and 50% rear wheel drive, as
starting distribution for an all-wheel drive.
8. The method according to claim 6, wherein the desired
torque distribution i1s dependent on ambient conditions.
9. The method according to claim 6, wherein a torque
contribution to the rear dnive axle from the combustion
engine controlled over the second connection clutch 1is

dependent on the torque contribution to the rear drive axle
from the hybrid drive module.
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